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ABSTRACT
Modal analysis of middle Miocene to Pleistocene volcaniclastic sands
and sandstones recovered from Sites 1108, 1109, 1118, 1112, 1115,
1116, and 1114 within the Woodlark Basin during Leg 180 of the Ocean
Drilling Program indicates a complex source history for sand-sized de-
tritus deposited within the basin. Volcaniclastic detritus (i.e., feldspar,
ferromagnesian minerals, and volcanic rock fragments) varies substan-
tially throughout the Woodlark Basin. Miocene sandstones of the in-
ferred Trobriand forearc succession contain mafic and subordinate
silicic volcanic grains, probably derived from the contemporary Trobri-
and arc. During the late Miocene, the Trobriand outerarc/forearc (in-
cluding Paleogene ophiolitic rocks) was subaerially exposed and eroded,
yielding sandstones of dominantly mafic composition.
Rift-related extension during the late Miocene–late Pliocene led to a
transition from terrestrial to neritic and finally bathyal deposition. The
sandstones deposited during this period are composed dominantly of
silicic volcanic detritus, probably derived from the Amphlett Islands
and surrounding areas where volcanic rocks of Pliocene–Pleistocene age
occur. During this time terrigenous and metamorphic detritus derived
from the Papua New Guinea mainland reached the single turbiditic
Woodlark rift basin (or several subbasins) as fine-grained sediments. At
Sites 1108, 1109, 1118, 1116, and 1114, serpentinite and metamorphic
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VOLCANIC SANDS AND SANDSTONES 2grains (schist and gneiss) appear as detritus in sandstones younger than
~3 Ma. This is thought to reflect a major pulse of rifting that resulted in
the deepening of the Woodlark rift basin and the prevention of terrige-
nous and metamorphic detritus from reaching the northern rift margin
(Site 1115). The Paleogene Papuan ophiolite belt and the Owen Stanley
metamorphics were unroofed as the southern margin of the rift was ex-
humed (e.g., Moresby Seamount) and, in places, subaerially exposed
(e.g., D’Entrecasteaux Islands and onshore Cape Vogel Basin), resulting
in new and more proximal sources of metamorphic, igneous, and ophi-
olitic detritus. Continued emergence of the Moresby Seamount during
the late Pliocene–early Pleistocene bounded by a major inclined fault
scarp yielded talus deposits of similar composition to the above sand-
stones. Upper Pliocene–Pleistocene sandstones were deposited at
bathyal depths by turbidity currents and as subordinate air-fall ash. Si-
licic glassy (high-K calc-alkaline) volcanic fragments, probably derived
from volcanic centers located in Dawson and Moresby Straits, domi-
nated these sandstones.
INTRODUCTION
During Leg 180 (June–August 1998), a nearly north-south transect of
six sites (1116, 1114, 1108, 1118, 1109, and 1115) was drilled with good
recovery in the sedimentary sequence of the Woodlark Basin, from the
rifted footwall, as exposed on Moresby Seamount, across the western
rift basin, and on to the downflexed northern margin of the basin (Figs.
F1, F2, F3). The objective of this paper is to utilize the modal analyses
of the sandstones from the Woodlark Basin to infer sediment prove-
nance. The results complement information on sediment composition
and provenance obtained by shipboard observations (Taylor, Huchon,
Klaus, et al., 1999; Robertson et al., 2001), a chemical and mineralogical
study of mainly fine-grained argillaceous sediments from the Woodlark
Basin (Robertson and Sharp, this volume), petrographic investigations
of volcaniclastic sediments from the Woodlark Basin (Cortesogno et
al., this volume), and a study of tephra layers and volcaniclastic depos-
its of the Woodark Basin (Lackschewitz et al., 2001).
REGIONAL GEOLOGICAL SETTING
The western Woodlark Basin is one of the best areas to study the pro-
cesses of rifting as a precursor to seafloor spreading and is one of the
few areas of the world where a very strong case can be made for on-
going rifting related to large-scale simple shear on a relatively low-angle
(dip = ~30°) extensional detachment fault (Taylor et al., 1995). Exten-
sion was achieved by westward propagation of a spreading center into
the previously rifted continental crust of Papua New Guinea (Benes et
al., 1994; Taylor et al., 1999). Extension commenced at ~6–8 Ma in the
western Woodlark Basin with rifting of the subduction-related Miocene
Trobriand Arc adjacent to Papua New Guinea (Weissel et al., 1982; Tay-
lor et al., 1999). Here, we include in the Woodlark Basin the entire sedi-
mentary system associated with the western Woodlark Basin, including
the uplifted footwall to the south, forming the Moresby Seamount, the
deep rift basin, and the downflexed margin farther north (Fig. F3).
Interpretation of sediment provenance within the Woodlark Basin
must take into account its complicated regional tectonic setting (Davies
F1. Regional tectonic setting of 
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VOLCANIC SANDS AND SANDSTONES 3et al., 1987; Honza et al., 1987; Lock et al., 1987). During Neogene time,
calc-alkaline volcanoes were active within an arc that was mainly lo-
cated south of the present Woodlark Basin in Papua New Guinea
(Smith, 1982; Smith and Milsom, 1984). However, similar calc-alkaline
volcanoes were also located farther north within the present forearc re-
gion (e.g., Woodlark Island) (Ashley and Flood, 1981). Papua New
Guinea, an obvious potential source of terrigenous sediment in the
Woodlark Basin, is geologically complex and includes Neogene arc vol-
canics, a Paleogene ophiolite, and underlying metamorphic rocks
(Davies and Jaques, 1984).
GEOLOGICAL HISTORY
The oldest sediments recovered, of middle to late Miocene age, at the
most northerly site (Site 1115) are mainly deepwater volcaniclastic tur-
bidites related to the Miocene Trobriand Arc. This arc resulted from
southward subduction of oceanic crust of the Solomon Sea, located to
the north (Honza et al., 1987; Davies et al., 1987). Seismic data suggest
that a forearc sedimentary wedge is present beneath part of the Wood-
lark Basin (Fig. F3). Drilling at Sites 1109 and 1118 terminated in dia-
base and basalt, either as massive rock (Site 1109) or as conglomerate
(Site 1118). These lithologies probably constitute part of a Paleogene
ophiolite (Taylor, Huchon, Klaus, et al., 1999; Robertson et al., 2001).
During the late Miocene, the forearc underwent regional emergence,
as documented during Leg 180 and by industry wells to the northwest
(Harris et al., 1985). At Site 1109, fluvial channelized? conglomerates,
deposited in a nonmarine paralic setting, were overlain by lagoonal and
then open-marine carbonates. Similar conglomerates are abruptly over-
lain by open-marine carbonates, with abundant coralline algae at Site
1118 farther south. In the north at Site 1115, thin (4 m) basalt-derived
conglomerates with root traces are overlain by shallow-marine to la-
goonal facies. The source of these conglomerates was possibly an emer-
gent forearc to the southwest or west.
Paralic to inner neritic sediments appear at Sites 1109 and 1115 at
approximately the same time (>5.54 and <8.6 Ma). Shallow-water depo-
sition was followed by Pliocene–Pleistocene deeper-water hemipelagic
and turbidity current deposition with discrete episodes of volcanic ash
and volcaniclastic turbidite input. In addition, the two sites (Sites 1114
and 1116) on the uplifted footwall (Moresby Seamount) include proxi-
mal turbiditic and debris-flow deposition related to Pliocene rifting of
the Trobriand forearc.
METHODS
Of 250 thin sections examined for sediments and rocks recovered
from Leg 180, 119 sand/sandstone samples were point counted from
Sites 1108, 1109, 1114, 1115, 1116, 1118, and 1112. In an attempt to
eliminate compositional differences between samples arising from fac-
tors other than changes in provenance, most samples point counted
were of medium- to coarse-grained sand grade (average grain size =
0.250–1.00 mm). Where such samples were unavailable, material in the
fine sand range was used. All samples were air dried, set in epoxy, and
ground to 30 µm in thickness. To minimize further uncertainties associ-
ated with grain-size variation, the Gazzi-Dickinson point-counting
T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 4technique was employed (e.g., Dickinson, 1970; Zuffa, 1980; Ingersoll
et al., 1984). The above approach differs from more traditional methods
in that mineral grains of sand size (>0.0625 mm) that occur within
larger rock fragments are counted as the minerals concerned rather
than as larger rock fragments. The Gazzi-Dickinson method divides vol-
canic lithic fragments into various textural types (Dickinson, 1970),
which is especially significant in magmatic arc settings where volcani-
clastic components may constitute a large percentage of the sand frac-
tion. Further divisions within the volcanic clasts were made on the
nature of the intersertal material and glass color under plane-polarized
light.
Reworked sedimentary rock clasts from within the formation were
not counted in the modal analyses. Five hundred points per thin sec-
tion were counted using an automatic digital point counter to deter-
mine the proportions of the components. Grid spacings were used that
maximized the coverage of the thin sections and were larger than the
maximum grain size. For modal analysis purposes, grains were divided
into various compositional categories. These and derived parameters
used in this study are listed in Table T1 and discussed below. Raw point-
counted data and derived parameters for all samples are listed in Tables
T2 and T3.
The nature and chemistry of minerals was confirmed on selected pol-
ished sections by electron probe microanalysis. This being a methodol-
ogy not directly inherent to the purpose of this specific paper, the
microprobe data are not reported or discussed here.
OVERVIEW OF SAND/SANDSTONE GRAIN TYPES
In this study, the term “sand” is used for unconsolidated sediment
composed of sand-sized grains, and “sandstone” is used to describe its
consolidated equivalent. Sand-sized grains, which have been derived
from preexisting rocks, will be described herein as detrital. Sand and
sandstones are described as framework- or matrix-supported based on
the amount of matrix, “matrix” being defined as detrital material with
an average diameter of <30 µm (Dott, 1964). Framework-supported
rocks contain <15% matrix, whereas matrix-supported rocks have
>15%. The sandstones and sands were further divided on the grounds
of their relative proportions of feldspar and lithic and bioclastic parti-
cles (Table T3; Pl. P1, figs. 1–6). In the text where the terms abundant,
common, rare, and trace are used to describe relative proportions of
constituents of sands/sandstones, they are based on the following:




Detrital quartz grains are either present in only trace amounts or ab-
sent in the sand and sandstones. Grains range from rounded to angular
and strained to unstrained. They are colorless and commonly include
trails of tiny fluid inclusions. Quartz also occurs as intergrowths with
feldspar in granitic grains and rarely as phenocrysts within felsic volca-
nics. Polycrystalline quartz aggregates (made up of quartz grains
<0.0625 mm) and vein quartz are observed in a few samples.
T1. Abbreviations used for sands 
and sandstones, p. 46.
T2. Raw point-count data, p. 47.
T3. Recalculated point-count da-
ta, p. 47.
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Detrital feldspars occur in all samples. Except for those grains that
show multiple twinning or zoning, it is generally not possible to distin-
guish between plagioclase and alkali feldspar microscopically. Staining
tests with sodium cobaltinitrite indicated the presence of only trace
amounts of potassium feldspar. Therefore, the feldspars are separated
into (1) untwinned feldspar and (2) twinned and zoned feldspar (Pl. P2,
fig. 4). The latter is assumed to be plagioclase, as no cross-hatch twin-
ning characteristic of microcline is observed. Some feldspar grains are
fresh and unaltered, whereas others are partially replaced by secondary
minerals, including white mica, albite, calcite, and clay minerals. Some
of the feldspar shows myrmekitic intergrowths of plagioclase and
quartz (e.g., Sample 180-1115C-26R-1, 8–9 cm). Apatite prisms occur
rarely in feldspar grains (e.g., Sample 180-1108B-23R-3, 35–36.5 cm).
Mica
Detrital biotite is present in the majority of samples. It occurs as
mostly brown and green cleavage flakes. In addition to occurring as dis-
crete detrital grains, it is observed as phenocrysts within volcanics, in-
tergrown with quartz and feldspar in granitic fragments, and as aligned
plates in schist grains. Secondary calcite growth along biotite cleavage
is common (Pl. P2, fig. 2). Smaller, less common muscovite laths occur
as discrete detrital grains and as aligned laths in the schist grains. Pyrite
blebs occur along the cleavage planes of some muscovite grains (e.g.,
Samples 180-1109C-24X-CC, 18–20 cm, and 180-1108B-5R-CC, 6–8
cm).
Amphibole and Pyroxene
Clinopyroxene and hornblende grains, in addition to being
constituent minerals of volcanic lithic grains, occur as discrete subhe-
dral to euhedral grains. Under plane-polarized light the clinopyroxene
is mostly colorless, whereas the hornblende grains are green or, less
commonly, red/brown in color. Clinopyroxene identified is all calcic
and is probably dominantly augite, although some diopside may be
present (Cortesogno et al., this volume). Detrital grains composed en-
tirely of aggregates of clinopyroxene or hornblende crystals are proba-
bly derived from glomeroporhyritic phenocrysts, observed within lithic
volcanic detritus (e.g., Samples 180-1108B-27R-5, 61–63 cm, and 180-
1115C-29R-1, 72-73 cm) (Pl. P2, fig. 3). Rarely, clinopyroxene grains
have been altered to amphibole (Sample 180-1108B-27R-5, 61–63 cm).
Grains of hornblende and clinopyroxene in some samples exhibit
brown irregular iron oxide rims (e.g., Sample 180-1114A-28R-CC, 3–7
cm). Clinopyroxene grains are commonly twinned and zoned. Green
hornblende forms phenocrysts within felsitic and colorless vitric volca-
nic fragments, whereas brown hornblende forms phenocrysts within
the lathwork and brown vitric volcanic grains. Green hornblende is in-
tergrown with feldspar and quartz in granitic fragments (e.g., Sample
180-1108B-30R-1, 42–44 cm). Actinolite is present in trace amounts
(e.g., Samples 180-1108B-32R-2, 126–128 cm, and 180-1115C-29R-1,
72–73 cm) (Pl. P3, fig. 6).
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Goethite concretions (Pl. P2, fig. 1) are numerous in Sample 180-
1109D-44R-1, 6–8 cm, where they form 26.5% of the framework com-
ponents. These were interpreted by Robertson et al. (2001) as bog iron
ore. Rare detrital aggregates of prehnite and pumpellyite are present
(e.g., Sample 180-1116A-6R-1, 9–11 cm). Trace amounts of detrital epi-
dote and zircon grains are present, with the former occurring as clusters
in some samples (e.g., Samples 180-1108B-36R-3, 52–56 cm, and 180-
1116A-7R-CC, 25–27 cm). Trace amounts of chalcedony are present as
fill within vugs of volcanic fragments or as detrital grains (Pl. P2, fig. 6).
Olivine grains are sporadically present in trace amounts; although in
Sample 180-1109C-24X-CC, 18–20 cm, they comprise 7% of the rock.
Trace amounts of spinel grains are present but were not counted in any
of the samples (e.g., Samples 180-1108B-3R-CC, 0–4 cm, and 30R-1, 42–
44 cm). Trace to common amounts of chloritic detritus is present in
many of the sandstones. Opaque minerals form minor constituents in
most sandstone but were not characterized in detail. Authigenic pyrite
is most common, with trace amounts of detrital chromite and magne-
tite also present. Pyrite occurs as framboids and disseminated grains. It
is commonly associated with foraminifer tests, vitric volcanic frag-
ments, carbonaceous detritus, and detrital mica grains. Dendritic mag-
netite growths are observed within dolerite clasts (Pl. P4, fig. 2).
Rock Fragments
Volcanic
Following Dickinson (1970), volcanic lithic grains are subdivided
into vitric, felsitic, microlitic, and lathwork. In this study we further di-
vided vitric (glass) fragments according to their color as viewed under
plane-polarized light (ie., colorless [Pl. P5, fig. 1] or brown [including
tan, brown, and black] [Pl. P5, figs. 2, 3]). The vitric category includes
fragments of colorless pumice, colorless glass shards, pipe-vesicle and
bubble-wall fragments, and tan, brown, and black glass of variable ve-
sicularity. In some of the samples, the glass shows incipient devitrifica-
tion. Zeolitized glassy fragments are rarely present (e.g., Sample 180-
1118A-36R-3, 52–56 cm). Some brown vitric fragments are altered to
palagonite. Calcite and chlorite are observed replacing both brown and
colorless vitric fragments. Large colorless pumiceous vitric fragments
contain phenocrysts of green hornblende, plagioclase, biotite, and,
rarely, clinopyroxene (Pl. P2, fig. 5). Brown vitric fragments commonly
contain sparse phenocrysts of plagioclase, red to brown hornblende, bi-
otite, and, rarely, clinopyroxene. Rare relict fiamme (elongate, flattened
pumice) and calcite amygdales are present in a few brown vitric grains.
Microlitic volcanic lithic fragments contain variable amounts of feld-
spar microlites that commonly show a trachytic texture. Microlitic frag-
ments are further divided into hyalopilitic (glassy) or pilotaxitic
(holocrystalline) according to the nature of their groundmass (Pl. P5,
figs. 4–6). The hyalopilitic grains have been further divided according
to glass color. Microlitic clasts are plagioclase-, rarely biotite-, horn-
blende-, and/or clinopyroxene-phyric.
Lathwork volcanic fragments are characterized by plagioclase laths
with intersertal brown or colorless glass and/or, rarely, intergranular cli-
nopyroxene (Pl. P4, figs. 1–4). The intersertal glass in some grains is
chloritized. Some lathwork grains are plagioclase-, clinopyroxene-, and
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VOLCANIC SANDS AND SANDSTONES 7hornblende-phyric. The hornblende is commonly reddish to brown in
color. Glomeroporhyritic clusters of clinopyroxene are present in a few
lathwork grains. Plumose feldspar dominates some lathwork lithic frag-
ments (Sample 180-1115C-30R-CC, 10–12 cm).
Felsitic volcanic fragments are mostly porphyritic with euhedral to
subhedral feldspar and/or, rarely, quartz phenocrysts set in a micro-
crystalline groundmass of quartz and feldspar (Pl. P4, fig. 5). Pheno-
crysts of biotite and hornblende are commonly present. Feldspars are
commonly replaced by white mica, albite, and/or calcite.
Metamorphic Fragments
Schist and gneiss grains form quartz-feldspar aggregates with a folia-
tion defined by aligned flakes of mica, rarely aligned hornblende
prisms, and elongate quartz and feldspar crystals (Pl. P3, figs. 4, 5). The
clasts are cut by rare epidote and chlorite veins (Pl. P3, fig. 3). Feldspar
within some clasts is altered to albite; prehnite and pumpellyite are also
present in some grains (e.g., Samples 180-1108B-14R-1, 97–99 cm).
Large sand-sized quartz and feldspar crystals within the otherwise mi-
crocrystalline aggregates are interpreted as relict phenocrysts (Pl. P3,
fig. 5). A continuous range of variation from felsitic volcanic fragments
and metamorphosed felsic volcanics is present. Calcareous schist frag-
ments initially reported by Taylor, Huchon, Klaus, et al. (1999) are rein-
terpreted here as detrital mica grains with authigenic calcite growths
along cleavage planes (Pl. P2, fig. 2).
Serpentinite
Serpentinite grains are distinctive because of their green-yellow and
black lattice texture and high degree of roundness (Pl. P3, fig. 2). These
grains commonly have abundant internal opaque mineral grains and
rare relict olivine and pyroxene crystals (e.g., Samples 180-1108B-3R-
CC, 0–4 cm, and 30R-1, 42–44 cm) (Pl. P3, fig. 1). Brown iron oxide
rims occur around a few of the serpentinite grains. Serpentinite grains
have been included in the metamorphic rock fragments category, al-
though they probably formed under temperature conditions lower than
those of the schist and gneiss fragments.
Plutonic Fragments
Plutonic fragments are uncommon. They are mainly rounded to an-
gular grains of intergrown anhedral feldspar and quartz derived from
granitic rocks (Pl. P4, fig. 6), although grains composed almost entirely
of feldspar may have been derived from less silicic rocks. A number of
grains contain hornblende and biotite. Graphic textures are observed in
few of the fragments.
Matrix and Cement
Matrix is principally composed of tiny detrital fragments of volcanic
glass, feldspar, mica, and clay minerals (including chlorite, illite, smec-
tite, and kaolinite). Sparry calcite is the most common cement, but
chlorite, smectite, and other clay minerals are also contributors. Abun-
dant microfossils (i.e., planktonic foraminifers, coccoliths, siliceous
sponge spicules, and radiolarians) are present in the matrix.
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Two categories of carbonate detrital grains were counted: (1) skeletal
grains, which included fragments of planktonic and benthic foramini-
fers, coralline algae, shell, bryozoans, echinoderm plates, bivalves, and
gastropods; and (2) carbonate aggregates, which include micritic detri-
tal aggregates of uncertain origin. Recrystallized limestone fragments
are included in the second category (e.g., Sample 180-1108B-24R-3, 39–
41 cm).
Detrital carbonaceous fragments range from brown to black in color.
Disseminated and framboidal pyrite of inferred authigenic origin occurs
within the carbonaceous fragments.
SANDSTONE MODAL COMPOSITION
Discussion of significant components of sands and sandstones from
individual drill sites beginning with northern rift margin and rift sites
(Sites 1115, 1109, 1118, and 1108) follows. The Moresby Seamount sites
(Sites 1114, 1112, and 1116), which are more tectonically deformed,
less well dated, and difficult to correlate with the regional stratigraphy,
are discussed subsequently. Sand and sandstone compositions are de-
scribed in ascending stratigraphic order. Point-count data were recalcu-
lated as ratios of framework to interstitial material (cement and matrix)
(Table T2) and plotted against depth to illustrate the compositional
characteristics and downhole variation of the sands and sandstones
from each site. These data were also plotted against age to allow com-
parison between sites. The age constraints used are taken from ship-
board biostratigraphic and magnetostratigraphic analysis (Taylor,
Huchon, Klaus, et al., 1999), as modified by postcruise studies (Resig et
al., in press; K. Takahashi, pers. comm., 2000) (Fig. F4). The timescale is
that of Berggren et al. (1995).
Northern Rift Margin and Rift Basin
(Sites 1115, 1109, 1118, and 1108)
Site 1115
The succession cored at Site 1115 on the northern rift margin con-
sists of 802.5 m of sediments (Fig. F5), which includes the only recov-
ered interval of Trobriand forearc sediments (middle Miocene) as well as
the unconformably overlying upper Miocene–Pleistocene rift succes-
sion. Twelve lithologic units were recognized, from which 23 samples
were point counted between depths of 17.47 and 698.70 meters below
seafloor (mbsf) (Tables T2, T3; Fig. F6). The middle Miocene, mainly
turbidite succession (Units XI and XII), accumulated at bathyal depths
in the inferred forearc basin (Taylor, Huchon, Klaus, et al., 1999). A feld-
spathic sandstone (Unit XII; Sample 180-1115C- 44R-2, 112–113 cm)
and a bioclastic sandstone (Unit XI; Sample 180-1115C-35R-1, 85–88
cm) were point counted. Detrital ferromagnesian minerals present
within the feldspathic sandstone include biotite clinopyroxene and am-
phibole. Felsitic and colorless vitric volcanics are the only lithic frag-
ments present. The bioclastic sandstone contains common skeletal
carbonate detritus (foraminifers, shell fragments, coralline algae, and
bryozoans) and sparry calcite cement. Detrital clinopyroxene and bio-
tite are the only ferromagnesian minerals present, but the rock also






















































































































































































































F6. Downhole variation dia-
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VOLCANIC SANDS AND SANDSTONES 9contains, in decreasing order of abundance, lathwork, colorless and
brown vitric, felsitic, and microlitic volcanic fragments.
Unit X, of middle Miocene age, accumulated in a neritic setting and
forms the top of the forearc succession (Taylor, Huchon, Klaus, et al.,
1999). Three lithic sandstones were point counted from this unit. Lath-
work fragments dominate the lithic detritus. Colorless and brown vitric
fragments are present with the former more dominant except in the
stratigraphically highest sandstone. Rare microlitic volcanic fragments
are present. Detrital clinopyroxene is common, but detrital biotite is
rare or absent. Trace amounts of chloritic detritus occur throughout the
sandstones of Unit X.
Unit IX, considered to be an upper Miocene succession deposited in
a high-energy shallow-marine or fluvial setting, unconformably overlies
Unit X, as the stratigraphically lowermost unit of the Woodlark rift ba-
sin at Site 1115 (Taylor, Huchon, Klaus, et al., 1999). A sandstone point
counted from this unit is calcite cemented and dominated by lathwork
detritus. Also present are rare felsitic and common, mostly brown vitric
fragments. As in the stratigraphically lower sandstones of Unit X and
XI, clinopyroxene is the principal detrital ferromagnesian mineral. De-
trital amphibole is rarely present. A trace amount of detrital biotite was
recorded. The overlying Unit VIII, of late Miocene age, is inferred to
have been deposited in a lagoonal setting (Taylor, Huchon, Klaus, et al.,
1999). A calcite-cemented lithic sandstone from this unit is of similar
modal composition to the sandstones of Unit IX, but with brown vitric
grains being the principal lithic component. Detrital ferromagnesian
grains are still dominantly clinopyroxene. Rare lathwork, colorless vit-
ric, and felsitic volcanic grains are present along with trace amounts of
epidote grains.
Units VII, VI, and V, spanning the upper Miocene to lower Pliocene
succession and deposited at neritic water depths, contain sedimentary
structures that are suggestive of reworking under the influence of trac-
tion currents (Taylor, Huchon, Klaus, et al., 1999). Two feldspathic
sandstones were point counted from Unit VII. The stratigraphically
lower sediments are calcite cemented and contain lithic detritus domi-
nated by felsitic volcanic fragments, whereas the stratigraphically
higher sediments are matrix supported and contain lithic detritus dom-
inated by colorless vitric fragments. Brown vitric fragments are present
in trace amounts in both sandstones, but lathwork volcanic fragments
are only present in trace amounts in the stratigraphically lower sample.
A single feldspathic calcite-cemented sandstone, with rare planktonic
foraminifer and trace detrital carbonate grains, was studied from Unit
VI. The main detrital ferromagnesian mineral present in this sandstone
is biotite with lesser amounts of clinopyroxene. The lithic fragments are
mainly of the colorless vitric type with traces of felsitic grains.
A feldspathic sandstone (Sample 180-1115C-19R-CC, 8–10 cm) and a
bioclastic sandstone (Sample 180-1115C-15R-3, 79–83 cm) were ana-
lyzed from Unit V. The bioclastic material in the latter is dominated by
planktonic foraminifer tests with minor shell debris. Both sandstones
are calcite cemented and have a lithic detrital component dominated
by felsitic volcanics and lesser colorless vitric fragments. Biotite and am-
phibole are present in both sandstones point counted from this Unit V,
with clinopyroxene present only in trace amounts in the stratigraphi-
cally lower sample of the two sandstones.
Units IV, III, II, and I are thin-bedded, commonly graded sands and
sandstones interpreted as having been deposited by turbidity currents
followed by localized reworking by bottom currents (Taylor, Huchon,
T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 10Klaus, et al., 1999). The lowermost 5 m of Unit IV accumulated at ner-
itic depths, whereas stratigraphically higher rocks accumulated in
bathyal depths (Taylor, Huchon, Klaus, et al., 1999). Two feldspathic
matrix-supported sandstones were point counted from the lower to
middle? Pliocene Unit IV. Colorless vitric fragments with lesser
amounts of felsitic and brown vitric fragments dominate the lithic com-
ponent of the sandstones. Detrital biotite and amphibole are present.
The majority of the sands within Unit III (early? to middle Pliocene
age), Unit II (late Pliocene–Pleistocene age), and Unit I (Pleistocene age)
are matrix supported. The sands of Unit II and I are lithic, whereas
sands from Unit III are feldspathic. Rare to trace amounts of skeletal car-
bonate and detrital carbonate aggregates are present in these sands.
Colorless vitric fragments are the dominant lithic grains. Brown glass
and felsitic and microlitic fragments are present in most of the samples.
Detrital amphibole and biotite are present in all samples. The former is
dominant in Unit III, whereas the latter is dominant in Units I and II.
Clinopyroxene grains are present in trace amounts in all sandstones
above 284.89 mbsf (Units III, II, and I), except Sample 180-1115B-19H-
1, 65–67 cm. In addition, trace detrital muscovite plates were observed
in Sample 180-1115B-24X-5, 104–105 cm; Sample 180-1115C-31X-1,
139–141 cm; and Sample 180-1115B-10R-1, 5–7 cm.
Site 1109
At Site 1109, on the northern margin of the Woodlark rift, 773 m of
sediments and sedimentary rocks were drilled in several holes that ter-
minated in massive dolerite (Figs. F3, F5). Thirty samples were point
counted between the depths of 26.54 and 753.66 mbsf (Tables T2, T3;
Fig. F7). Unit X, IX, and VIII are undated. Units X and IX were inter-
preted by Taylor, Huchon, Klaus, et al. (1999) to reflect terrestrial sedi-
mentation in a marine/fluvial to swamp setting. In a single matrix-
supported lithic sandstone point counted from Unit X, goethite/limo-
nite concretions are the dominant detrital component (Pl. P2, fig. 1).
Of rare volcanic fragments, felsitic types predominate, but microlitic
and colorless vitric fragments are also present. Clinopyroxene is the
main detrital ferromagnesian mineral, with only a single amphibole
grain being point counted. Detrital chloritic grains are rarely present.
The matrix is composed of smectite and chlorite (Robertson and
Sharp, this volume). No sandstone was counted from the overlying
Unit IX, but sandstones in this unit are of similar composition to those
of Unit X. Deposition of Unit VIII probably occurred in a lagoonal set-
ting (Taylor, Huchon, Klaus, et al., 1999). Four matrix-supported feld-
spathic sandstones were point counted from this unit. Amphibole and
biotite are the dominant detrital ferromagnesian minerals in the major-
ity of samples. Detrital clinopyroxene grains occur in all. Of the rare
volcanic lithic detritus, felsitic and colorless vitric fragments dominate,
with trace microlitic and lathwork grains being present in Sample 180-
1109D-38R-2, 12–18 cm. In all samples, rare or trace amounts of car-
bonaceous detritus are present.
Evidence of current reworking in the sandstones within Unit VII
(lower Pliocene) and paleontological evidence indicate deposition of
this unit in a shallow-marine environment (Taylor, Huchon, Klaus, et
al., 1999). Four calcite-cemented sandstones were studied from this
unit. All are feldspathic except for the stratigraphically lowest sand-
stone, which is bioclastic. Detrital ferromagnesian minerals are mainly
amphibole and biotite but with trace amounts of clinopyroxene present
F7. Downhole variation dia-
grams, Site 1109, p. 31.
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VOLCANIC SANDS AND SANDSTONES 11throughout. The main lithic detritus is felsitic and colorless vitric frag-
ments, which occur in varying proportions. Trace amounts of microlitic
fragments are present in some sandstones. Detrital skeletal carbonate
(foraminifer, shell fragments, coralline algae, and bryozoans) predomi-
nates within the bioclastic sandstone and is common in most of the
other sandstones.
Unit VI, of middle Miocene to early Pliocene age, is interpreted to
show an apparently abrupt change from an inferred shallow-water envi-
ronment to a bathyal quiet setting interrupted by rare, mainly high-
density turbidity currents (Taylor, Huchon, Klaus, et al., 1999). Eight
matrix-supported sandstones were point counted from this unit, rang-
ing in composition from feldspathic to lithic. Colorless vitric fragments
are the dominant lithic components in the majority of sandstones. Fel-
sitic volcanic fragments are present in rare to trace amounts in all,
whereas trace amounts of microlitic and lathwork volcanic fragments
are present in several. Amphibole and biotite are the dominant detrital
ferromagnesian minerals, with trace amounts of clinopyroxene present
in Samples 180-1109D-10R-4, 95–98 cm, and 17R-7, 34–46 cm.
All the sandstones in Unit V to Unit I were probably deposited by
turbidity currents at bathyal depths (Taylor, Huchon, Klaus, et al.,
1999). Two feldspathic and three lithic matrix-supported sandstones
were point counted from Unit V (middle Pliocene age). In all, colorless
vitric fragments are the dominant volcanic detritus. Trace amounts of
microlitic, felsitic, and lathwork volcanic lithic fragments are present in
some sandstones. Clinopyroxene is absent from Unit V, with amphibole
and biotite the dominant detrital ferromagnesian minerals.
Three sands were point counted from the middle to upper Pliocene
Unit IV, two feldspathic sands (Samples 180-1109C-28X-2, 0–3 cm, and
37X-5, 106–108 cm) and a lithic sand (Sample 34X-5, 106–108 cm).
This unit records the first appearance of serpentinite detritus at this site,
with trace serpentinite grains in Samples 180-1109C-34X-5, 106–108
cm, and 28X-2, 0–3 cm. Common colorless vitric fragments dominate
the lithic sand, but trace amounts of microlitic and felsitic volcanics are
present. Rare to trace amounts of volcanic lithic grains are present in
the feldspathic sands (brown vitric, colorless vitric, and felsitic types).
Biotite is the predominant detrital ferromagnesian mineral toward the
top of the unit, whereas amphibole is more common toward the base.
Detrital clinopyroxene grains occur in trace amounts in the stratigraph-
ically highest sand.
Within Unit III (upper Pliocene to Pleistocene), a feldspathic (Sample
180-1109C-22X-CC, 23–23.5 cm) and a lithic (Sample 24X-CC, 18–20
cm) sand were point counted. The sands are dominated by framework
components, principally feldspar and volcanic fragments. Colorless vit-
ric fragments and lesser brown vitric fragments are the main volcanic
detritus in Sample 180-1109C-22X-CC, 23–23.5 cm. Lathwork and fel-
sitic and microlitic volcanic fragments are dominant in the other, strati-
graphically lower sandstone. Also present in the latter are rare
serpentinite, rare olivine, trace schist, and rare carbonaceous detritus.
Trace detrital serpentinite grains are present in Sample 180-1109C-24X-
CC, 18–20 cm.
A total of three sands were point counted from Units II and I (Pleis-
tocene). The stratigraphically lowermost sand sampled from Unit II is
feldspathic and framework dominated, whereas the higher sands are
matrix dominated and, although containing common feldspar, are of
overall lithic composition. Colorless and brown vitric fragments are the
principal lithic components present. In Sample 180-1109C-10H-3, 43–
T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 1245 cm, lathwork volcanic fragments are common, with microlitic and
felsitic fragments rarely present. Rare microlitc, lathwork, and felsitic
volcanic fragments are present in the sand of Unit I, but only trace
amounts of lathwork and felsitic fragments are present in the strati-
graphically lowest sand of Unit II. All sandstones contain trace amounts
of detrital serpentinite grains. Detrital biotite, clinopyroxene, amphi-
bole, and chlorite are present in all samples. Detrital muscovite grains
are present in both sandstones of Unit II. Detrital skeletal material
(mostly planktonic foraminifers) and carbonate aggregates are present
throughout the sandstones counted within Unit I and II.
Site 1118
Site 1118 is located ~9 km due south of Site 1109, toward the north-
ern margin of the Woodlark rift basin (Figs. F3, F5). From 0 to 205.0
mbsf, the site was drilled without coring. Of eight lithostratigraphic
units recognized from Hole 1118A between 205.0 and 926.6 mbsf, only
sandstones from Units I to V were point counted (Tables T2, T3; Fig.
F8).
Sandstones from Unit V (lower Pliocene to middle Pliocene) and
Unit IV (middle Pliocene) are of similar composition. They show clear
evidence of deposition from turbidity currents and later reworking in
bathyal depths (Taylor, Huchon, Klaus, et al., 1999). The sandstones are
lithic and feldspathic and dominantly matrix supported. Lithic detritus
is dominated by colorless vitric grains. Felsitic fragments are present in
rare to trace amounts. Trace amounts of microlitic, lathwork, and
brown vitric fragments are present in some sandstones. Amphibole and
biotite are the dominant and, in most cases, only detrital ferromagne-
sian minerals present, although trace amounts of detrital clinopyroxene
are present in three samples.
Units I–III are interpreted as turbidity-current deposits that accumu-
lated at bathyal depths. They lack the evidence of reworking noted in
the underlying unit (Taylor, Huchon, Klaus, et al., 1999). Eight feld-
spathic and lithic sandstones were sampled from Unit III (middle to up-
per Pliocene) between 632.49 and 493.40 mbsf. The majority of the
sandstones are framework supported and contain detrital carbonate
(skeletal and aggregate). Detrital biotite, clinopyroxene, and amphibole
are present in all the sandstones. Clinopyroxene decreases in abun-
dance downsection. Lathwork fragments are the principal lithic detritus
in the sandstones of the stratigraphically higher part of the unit but
also decrease in overall abundance downhole as do microlitic frag-
ments, present in common to trace amounts, in the upper part of the
unit but absent in some of the stratigraphically lowest sandstones. Col-
orless vitric fragments are present in all the sandstones but become
more abundant in the stratigraphically lower part of the unit. Felsitic
and vitric fragments are present in all sandstones. Brown vitric frag-
ments were counted only in the stratigraphically higher sandstones.
Two sandstones were point counted from Unit II (middle to upper
Pliocene), Sample 180-1118A-20R-3, 112–124 cm, a feldspathic matrix-
supported sandstone, and Sample 180-1118A-24R-5, 105–107 cm, a
lithic framework-supported sandstone. The volcanic lithic detritus in
the former is composed of, in decreasing order of abundance, colorless
vitric, lathwork, brown vitric, and felsitic grains. The stratigraphically
lower sandstone shows an increase in volcanic fragments and the ap-
pearance of microlitic detritus. Detrital biotite, clinopyroxene, and am-
F8. Downhole variation dia-
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VOLCANIC SANDS AND SANDSTONES 13phibole are present in both sandstones, with trace amounts of
muscovite only in the stratigraphically higher sample.
Three matrix-dominated sands were point counted from Unit I (mid-
dle–late Pliocene to Pleistocene age). They are feldspathic or lithic and
contain rare skeletal (planktonic foraminifer) and aggregate carbonate
detritus. Rare to trace amounts of carbonaceous detritus are present in
the two stratigraphically higher samples. The dominant lithic detritus
in all samples is volcanic, but serpentinite is also present in Samples
180-1118A-4R-CC, 17–19 cm, and 9R-1, 35–38 cm. Colorless and brown
vitric, felsitic, lathwork, and microlitic grains are present, with colorless
vitric types dominant in Samples 180-1118A-4R-CC, 17–19 cm, and 9R-
1, 35–38 cm. Lathwork fragments are the most common volcanic detri-
tus in Sample 180-1118A-15R-5, 141–142 cm. Muscovite is present in
the two stratigraphically highest sands. Detrital biotite, clinopyroxene,
and amphibole are present in varying amounts in all samples.
Site 1108
Site 1108 is located near the base of the northern slope of the
Moresby Seamount (Figs. F3, F5) and was positioned with the aim of
penetrating the major extensional detachment fault defining the south-
ern margin of the Woodlark rift. Four units were recognized within the
succession recovered from Site 1108, which consists of 485.2 m of sedi-
ments and sedimentary rocks of middle Pliocene to late Pleistocene age
(Fig. F5). Unit IV, of middle Pliocene to Pleistocene age, is well lithified.
It shows sufficient variation in the relative abundances of different sed-
imentary rocks to allow recognition of three subunits: Subunit IVA,
dominated by medium- to coarse-grained sediments, Subunit IVB,
mostly fine grained with rare medium- to coarse-grained sediments,
and Subunit IVC, mainly composed of conglomerate. Sandstones from
Unit IV are considered to have been deposited by turbidity currents in
bathyal depths (Taylor, Huchon, Klaus, et al., 1999). There is some sug-
gestion that reworking by bottom currents has taken place. The three
coarser-grained intervals of conglomerate that form Subunit IVC are in-
terpreted as high-density turbidity-current or debris-flow deposits. The
stratigraphically higher part of the succession at this site (Units I–III)
comprises calcareous hemipelagic sediments and lower breccias com-
posed of heterogeneous clasts inferred to have been derived from up-
slope on the Moresby Seamount (Robertson et al., 2001).
A total of 19 sandstones were point counted from this site (Tables T2,
T3; Fig. F9), the majority (17) from Unit IV. The remaining samples are
two sandstone pebbles from Unit II. Sandstones from Unit IV are calcite
cemented, of lithic or feldspathic composition, and mostly framework
supported. They all display a similar composition, except for the ap-
pearance of metamorphic and/or serpentinite detritus in all samples
from 333.94 mbsf and higher. The sandstones contain felsitic, colorless
vitric, brown vitric, and microlitic volcanic lithic fragments in a range
of relative abundances. Muscovite, biotite, clinopyroxene, and amphi-
bole are present in all except Sample 180-1108A-49R-CC, 5–6 cm, from
close to the base of the unit, in which only biotite and clinopyroxene
are present.
Two sandstone pebbles from Unit II are a lithic sandstone (Sample
180-1108B-3R-CC, 0–4 cm) and a feldspathic sandstone (Sample 180-
1108B-5R-CC, 6–8 cm). Both are cemented by calcite, framework sup-
ported, and have a similar composition to the sandstones within the
stratigraphically higher part of Unit IV (<380.84 mbsf).
F9. Downhole variation dia-
grams, Site 1108, p. 33.
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VOLCANIC SANDS AND SANDSTONES 14Comparison between the Northern Rift Sites
(Sites 1108, 1109, 1115, and 1118)
The sands and sandstones from the northern rift sites range from
feldspathic to lithic sandstones and include both framework- and ma-
trix-supported varieties (Fig. F10). Most lower Pliocene samples counted
from Sites 1115, 1109, and 1118 are cemented by calcite and contain
detrital carbonate. Upper to middle Miocene sandstones from Site 1115
are mostly calcite cemented, in contrast to the upper Miocene sand-
stones from Site 1109. Compared to the other northern sites of the
Woodlark rift, the middle to upper Pliocene sandstones sampled from
Site 1108 are unusually cemented by calcite. A common feature of Sites
1108, 1118, and 1109 is the appearance of metamorphic and serpen-
tinite lithic detritus in sandstones of middle to late Pliocene age (Fig.
F11). The earliest recorded serpentinite detritus within the sandstones
is estimated to have occurred at 2.98 Ma at Site 1108 and 2.91 Ma at
Site 1109. Serpentinite detritus was not observed from Site 1118 until
1.93 Ma, and neither metamorphic nor serpentinite lithic detritus was
recorded from Site 1115. Detrital schist and gneiss grains occur in great-
est abundance at Site 1108, where they appear at the same level as does
serpentinite detritus. The only other northern site where schist and
gneiss were observed is Site 1109 (Sample 180-1109C-24X-CC, 18–20
cm [217.88 mbsf; 1.78 Ma]). The distribution of detrital muscovite
flakes parallels the distribution of metamorphic and serpentinite, with
an increasing abundance in the progressively younger upper Pliocene to
Pleistocene samples from Sites 1108, 1118, and 1109. However musco-
vite is also present within upper Miocene sandstones at Site 1115.
Detrital ferromagnesian minerals show several systematic changes at
the northern sites (Fig. F12). The oldest (lower Miocene) sandstone
from Unit XII at Site 1115 contains minor amounts of biotite, amphi-
bole, and clinopyroxene, but in the upper middle Miocene and lower
upper Miocene sandstones, clinopyroxene dominates and, in some
samples, is the only ferromagnesian mineral present. A parallel trend is
shown by the volcanic fragments at Site 1115, with felsitic and colorless
vitric volcanic fragments dominating the oldest sandstone and lath-
work fragments increasing rapidly in abundance in overlying sand-
stones (Fig. F13). The abundance of clinopyroxene grains begins to
decrease in the upper upper Miocene as the quantity of detrital biotite
and amphibole grains increase. The change is accompanied by an in-
crease in felsitic and a decrease in lathwork detritus. By the middle
Pliocene, clinopyroxene has nearly disappeared from all the sandstones
within the northern rift sites but clinopyroxene reappears in the upper
middle Pliocene sediments and becomes more abundant in the Pleis-
tocene, especially in sandstones of Site 1109 (Fig. F12). Colorless vitric
and felsitic fragments dominate the volcanic detritus within sands and
sandstones of the upper upper Miocene and younger in the northern
sites (Fig. F13). Lathwork and microlitic fragments increase from the
upper middle Miocene upward, which correlates with an increase in de-
trital clinopyroxene grains.
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F12. Ratios of biotite:musco-
vite:clinopyroxene:amphibole, 
p. 36.
















0 20 40 60 80 100
Site 1108 Site 1109
0 20 40 60 80 100
























































F13. Ratios of volcanic rock frag-
ments, p. 37.
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VOLCANIC SANDS AND SANDSTONES 15Moresby Seamount Sites
(Sites 1114, 1112, and 1116)
Site 1114
At Site 1114, located near the northeastern edge of Moresby Sea-
mount, almost 286 m of sediments and sedimentary rocks was re-
corded, separated by a low-angle extensional fault from metamorphic
basement rocks (metadolerite) (Figs. F3, F14). Twelve samples were
point counted from four of the seven lithostratigraphic units recog-
nized (Units V, IV, III, and II) (Tables T2, T3; Fig. F15). These units were
inferred to have been deposited by turbidity currents in bathyal depths
(Taylor, Huchon, Klaus, et al., 1999). A framework-supported lithic
sandstone from Unit V (middle Pliocene), which lies directly above a
tectonic breccia (Unit VI), contains predominantly lathwork grains, al-
though microlitic, felsitic, brown vitric, and colorless vitric volcanic
fragments are also present. Clinopyroxene is the dominant detrital fer-
romagnesian mineral along with minor detrital biotite and chloritic
grains. Two lithic sandstone samples from Unit IV (middle Pliocene)
have a similar composition but also show trace amounts of detrital
muscovite.
Seven sandstones sampled from Unit III (middle to upper Pliocene)
include both feldspathic and lithic sandstones, which range from
framework to matrix supported. Sandstones from Subunit IIIA (Samples
180-1114A-14R-1, 106–108 cm, and 15R-1, 46–48 cm) contain abun-
dant detrital skeletal carbonate (foraminifer, algae, and shell fragments)
and detrital carbonate aggregates. Sandstones counted from Unit III
show a similar composition to underlying sandstones, save for an in-
crease in detrital biotite and colorless vitric or brown vitric volcanic
fragments toward the top of the unit. Serpentinite detritus occurs in
one of these sandstones (Sample 180-1114A-9R-2, 15–17 cm [76.03
mbsf]). Two framework-supported feldspathic sandstones from Unit II
(upper Pliocene) differ from the majority of the underlying sandstone
in that colorless vitric grains make up the majority of the lithic frag-
ments and there is an accompanying increase in the abundance of de-
trital biotite. Carbonaceous detritus is present within the sandstones of
Unit II and the stratigraphically highest sandstone of Unit III.
Site 1116
Site 1116 is located on the southern flank of the Moresby Seamount,
8 km south of Site 1114 (Figs. F2, F3). Three lithostratigraphic units
were recognized at this site, which was drilled to 158.90 mbsf (Fig. F14).
Unit III accumulated during the Pliocene at middle bathyal depths (Tay-
lor, Huchon, Klaus, et al., 1999). Within this unit, thick-bedded sand-
stones that commonly show a basal inverse-graded interval were
interpreted as deposits from high-density turbidity currents, whereas
other sandstones in the unit were interpreted as deposits from lower-
density “classical” turbidites (Taylor, Huchon, Klaus, et al., 1999). Seven
lithic and feldspathic sandstones from between 152.38 and 81.96 mbsf
were point counted from this unit (Tables T2, T3; Fig. F16). All are
framework supported except for Sample 180-1116A-17R-2, 53–55 cm,
and all are calcite cemented. In the lower part of the unit, the lithic de-
tritus is dominated by lathwork and brown vitric fragments, whereas
felsitic fragments become more dominant in stratigraphically higher
sandstones. Microlitic and colorless vitric fragments are present in rare
F14. Summary of the sed-
















































F15. Downhole variation dia-
grams, Site 1114, p. 39.
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VOLCANIC SANDS AND SANDSTONES 16and trace amounts throughout Unit III. Clinopyroxene is the principal
detrital ferromagnesian mineral throughout Unit III, except for Sample
180-1116A-13R-4, 51–54 cm, in which biotite is more abundant. Grains
of serpentinite are recorded in two sandstones from Unit III (Samples
180-1116A-11R-1, 16-19 cm [81.96 mbsf], and 16R-1, 103–107 cm [131.03
mbsf]).
Unit II, of Pliocene age, contains paraconglomerate intercalated with
sandstone. These rocks are considered to be deepwater debris-flow and
turbidity-current deposits (Taylor, Huchon, Klaus, et al., 1999). A single
matrix-supported lithic sandstone point counted from this unit con-
tains rare detrital serpentinite and schist grains. The latter contain epi-
dote and chlorite veins, together with prehnite and pumpellyite
(Sample 180-1116A-6R-1, 9–11 cm [42.49 mbsf]) (Pl. P3, fig. 3). Detrital
prehnite and pumpellyite grains occur in the sandstone. Lathwork frag-
ments are the most abundant lithic detritus, which also includes, in or-
der of decreasing abundance, felsitic, microlitic, colorless, and brown
vitric grains. Clinopyroxene is the most abundant detrital ferromagne-
sian mineral, with subordinate biotite. A single detrital muscovite plate
was noted.
A lithic and a feldspathic sandstone from Unit I (upper Pliocene) are
both framework supported and cemented by calcite. They contain simi-
lar lithic detritus to the sandstones in Unit II with lathwork and felsitic
detritus predominating. Clinopyroxene is the principal detrital ferro-
magnesian mineral, with subordinate biotite, rare clinopyroxene, and
trace amphibole. The stratigraphically higher of the sandstones con-
tains rare detrital muscovite, serpentinite, and schist grains.
Site 1112
The Pleistocene deposits of Site 1112, as far as can be determined
from the minimal recovery, probably comprise a talus deposit on the
northern side of Moresby Seamount (Taylor, Huchon, Klaus, et al.,
1999). Two sandstone pebbles from this site were point counted, a lithic
framework-supported sandstone (Sample 180-1112A-3R-1, 2–5 cm
[20.52 mbsf]) and a feldspathic framework-supported sandstone (Sam-
ple 180-1112A-9R-CC, 25–27 cm [78.15 mbsf]). Lathwork grains are the
principal lithic component in both pebbles. Other volcanic detritus in-
cludes colorless vitric, brown vitric, microlitic, and felsitic types. Cli-
nopyroxene is the most common detrital ferromagnesian mineral, and
trace amphibole is also present. Detrital biotite is common in the strati-
graphically higher pebble.
Comparison between Moresby Seamount Sites
(Sites 1114 and 1116)
The upper Pliocene to Pleistocene sandstones from Sites 1116 and
1114 are feldspathic, whereas the older sandstones are dominated by
lithic volcanic detritus (Fig. F17). The majority of sandstones from
these sites are partially to well cemented by calcite. Carbonaceous mate-
rial is only observed in the upper Pliocene to Pleistocene sandstones of
Site 1114. For the Pliocene and Pleistocene time interval, either felsitic
or lathwork grains alternate as the principal lithic component. Micro-
litic, colorless vitric, and brown vitric volcanic grains occur in most of
the sandstones. The first occurrence of serpentinite at Site 1116 is esti-
mated to have occurred at ~3.05 Ma, but at Site 1114, it is only ob-
served in a single sandstone of ~2.01-Ma age (Fig. F17). Schist and
F17. Downhole variation dia-
grams, Moresby Seamount sites, 
p. 41.
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VOLCANIC SANDS AND SANDSTONES 17gneiss grains are only present at Site 1116 in sandstones estimated at
~2.40 and ~2.00 Ma in age. Clinopyroxene is the dominant detrital fer-
romagnesian mineral at these sites, except within sandstones estimated
as ~3.17 Ma (Site 1116) and ~2.00 Ma (Site 1114) age, in which biotite is
dominant. Chloritic detritus is more abundant within upper Pliocene to
Pleistocene sandstones. Sandstone pebbles recovered from Site 1112 are
of similar composition to those sandstones of Sites 1114 and 1116,
which have a detrital lithic component dominated by lathwork grains
(Fig. F17).
DISCUSSION
The use of petrographic discrimination diagrams such as those of
Dickinson et al. (1983) to distinguish the tectonic setting of sediment
source areas is well established. Interpretation of these diagrams is
based on the assumption that the nature and availability of source
lithologies is intimately related to tectonic processes controlling the de-
velopment of a basin margins. Problems with interpretation can arise if
much detritus was derived from a tectonically unrelated setting (e.g.,
older orogen). Also, the method implicitly assumes an ideal tectonic ar-
rangement (e.g., similar to the type area in the western United States
[arc, forearc basin, and trench]). However, the Woodlark Basin is un-
usual in several respects, notably the presence of arc-type volcanics well
out into the forearc region, which complicates the interpretation of pet-
rographic results.
The most commonly used diagram is the QFL plot with the prove-
nance fields of Dickinson et al. (1983) superimposed (Fig. F18). The
dominance of feldspar and volcanic lithic grains and the rarity to com-
plete absence of quartz ensures the sandstones and sands plot within
the magmatic arc field. Further division on the basis of the abundances
of feldspar and lithic fragments results in the majority of the sand-
stones (four of five) from the upper Miocene Trobriand forearc basin
plotting within the undissected-magmatic arc field, which confirms the
validity of this model (Fig. F18). The sands and sandstones of the
Woodlark rift basin, when divided according to these same abundances,
plot within the undissected- to transitional-magmatic arc fields (Fig.
F18). This highlights the evolving nature and the complex local sedi-
ment sources and pathways of the Woodlark rift basin between the late
Miocene to Pleistocene, which will be discussed below, according to the
stages of tectonic evolution proposed for the basin by Robertson et al.
(2001) (Figs. F19, F20).
Middle Miocene
Southwestward subduction of oceanic crust of the Solomon Sea initi-
ated the Miocene–Holocene Trobriand volcanic arc (Lock et al., 1987;
Davies et al., 1987), which is well developed on the Papuan Peninsula.
The front of the Trobriand Arc was located in the vicinity of the
Moresby Seamount and D’Entrecasteaux Islands (Robertson et al.,
2001). This is supported by drill evidence, with a middle Miocene
forearc sequence recovered only at the most northern site (1115). Based
on seismic stratigraphic records (Taylor et. al., 1995), Robertson et al.
(2001) (Fig. F20) further suggested that the cored interval here repre-
sents only the upper section of a kilometer-thick forearc succession. The
composition of sandstone near the base of the cored interval is domi-
F18. QFL plots of Leg 180 sand-
stones and sands, p. 43.











Pliocene sandstones of the 
Woodlark rift basin 
••• •• ••










Late Miocene sandstones of the
Woodlark rift basin 





















• ••• •• ••
F19. Major changes in prove-




















































  Regional upliift and erosion of forearc
Key to symbols
M Mafic volcanic rock provenance
D Deepening (gradual)
S Silicic volcanic rock provenance
FA Forearc basinal sediments
Mt Metamorphic rock provenance
O Paleogene ophiolite
T Talus (fault derived)
U Unconformity


































































Ophiolite detritus has access 
to the basin through low-energy
turbidity currents





Uplift of Moresby Seamount
on Moresby detachment fault
Diminished clastic sediment





basement (Sites 1109, 1118)




Unconformity (Sites 1109, 1115)
Mafic igneous rocks (Site 1109)
Paralic to shallow marine
(Sites 1109, 1118)
Pliocene hemipelagic sediments
contain abundances of Cr, Ni, Cu, and Zn
Marine transgression (Site 1118)




(Sites 1114, 1109, 1118, 1116, 1108)
Talus (Site 1108)
Ash-rich pelagic and hemipelagic
sediments (Sites 1108, 1109, 1115)
vv vvvv
vv
Early-middle Pliocene hemipelagic 
sediments contain high amounts
of Al, K, Na, and minor elements
Rb, Zr, and Y









































































Volcanic and ophiolitic detritus
Volcanic, metamorphic, and ophiolitic detritus
Volcanic detritus
Fault talus 

















early Pliocene - late Pliocene





No metamorphic or terrigenous
detritus reaching the northern 





T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 18nated by colorless vitric and felsitic volcanic lithic fragments. Biotite
and amphibole are the dominant detrital ferromagnesian minerals. This
suggests that volcanics of intermediate to silicic composition were the
main source of detritus. In addition, the presence of alkalic volcanic
clasts in a packstone of middle Miocene age was reported by Corte-
sogno et al. (this volume). The lithic detritus within the remainder of
the sandstones of the Trobriand forearc sequence is dominated by lath-
work grains, and clinopyroxene is the dominant and, in some cases, the
exclusive detrital ferromagnesian mineral. Felsitic detritus is present in
most sandstones. Therefore, the sandstone detritus during the middle
Miocene was dominantly sourced from pyroxene basalts and minor si-
licic volcanics (Fig. F19). Calc-alkaline volcanics of the Trobriand Arc
(Lock et al., 1987; Davies et al., 1984) to the south are thought to be the
source for this detritus (Fig. F20). However, Robertson et al. (2001) sug-
gested that similar calc-alkaline volcanoes located within the present
forearc region (e.g., Woodlark Island) (Ashley and Flood, 1981) could
also have provided an additional source (Fig. F20). The presence of si-
licic and alkalic volcanics suggests that the contemporary Trobriand Arc
had a complex volcanic history.
Late Miocene
During this period, the Trobriand outer arc/forearc was subaerially
exposed and eroded and the initial sediments of the rift basin pro-
graded northward over the forearc succession (Robertson et al., 2001). A
shallowing-upward succession at Site 1115 (>5.4 Ma) culminated in
emergence and erosion of an unconformity, which is overlain by an up-
per Miocene shallow-marine succession (Robertson et al., 2001) (Fig.
F19). These authors further recognized nonmarine counterparts of
these shallow-water deposits at Sites 1109 and 1118, although these re-
main undated. Conglomerates at Sites 1109, 1115, and 1118 contain
clasts of dolerite, basalt, and gabbro (Taylor, Huchon, Klaus, et al.,
1999). The dolerite is of inferred ophiolitic origin (Robertson et al.,
2001). The lowermost upper Miocene sandstones at Site 1115 are domi-
nated by lathwork grains, with clinopyroxene the most abundant and,
in some samples, exclusive detrital ferromagnesian mineral. Lowermost
upper Miocene sandstone from Site 1109 contains goethite/limonite
concretions and chlorite and clinopyroxene as the predominant ferro-
magnesian minerals. The composition of the sandstones and conglom-
erate thus suggests a basinwide dominantly mafic volcanic (basalt to
dolerite) source at this time (Fig. F19). During late Miocene time this
was the exposed Trobriand forearc, which included Paleogene ophiolitic
rocks (Fig. F20). Derivation from the hinterland of Papua New Guinea,
including the Paleogene Papuan ophiolite belt, is unlikely as other
metaophiolite rocks (e.g., serpentinite) are absent.
Late Miocene–Early Pliocene
During the late Miocene–early Pliocene, rifting led to a transition
from terrestrial to marginal-marine and then shallow-marine deposi-
tion. At Sites 1109 and 1115, paralic deposits are overlain by upper Mio-
cene–lower Pliocene lagoonal to shallow-marine rocks, whereas at Site
1118, lower Pliocene shallow-marine rocks abruptly overlie inferred up-
per Miocene fluvial conglomerates (Robertson et al., 2001) (Fig. F19). At
Sites 1115 and 1109, the basin underwent gradual subsidence from ner-
itic to bathyal conditions during the latest Miocene–middle Pliocene,
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VOLCANIC SANDS AND SANDSTONES 19whereas the marine transgression was delayed until latest early Pliocene
at Site 1118 (Fig. F19). The beginning of extension was marked by a
change to more explosive silicic volcanism, and the sandstones depos-
ited during this interval were dominated by felsitic and colorless vitric
grains, with amphibole and biotite the dominant detrital ferromagne-
sian minerals and clinopyroxene an insignificant component (Fig. F19).
Mafic volcanics were still supplying some detritus to the basin, as
shown by the presence of rare lathwork detritus within the sandstones
and the presence of rare basalt and dolerite pebbles within shallow-ma-
rine paraconglomerate at Site 1118 (Taylor, Huchon, Klaus, et al., 1999).
Assuming sediment pathways were similar to today, it is suggested
that the probable source of the Pliocene turbidites lay to the northwest
(Robertson et al., 2001) (Fig. F20). In this interpretation, the main
sources of ash and volcaniclastic turbidites were possibly the Amphlett
Islands, Dawson Strait (e.g., Dobu Seamount), Moresby Strait, and sur-
rounding areas where Pliocene–Pleistocene volcanic rocks occur (Smith
and Milsom, 1984; Binns et al., 1987) (Fig. F20). Additional sources of
volcanics could be the active Trobriand Arc volcanoes on the northern
rift margin (i.e., the Luscany Islands, Trobriand Island, Woodlark Island,
and Egum atoll), the eastern Papua Peninsula, and sediment reworked
from the Cape Vogel Basin to the northwest (Fig. F20).
Early to Late Pliocene
During this time at Sites 1118, 1109, 1118, and 1115, sandstones
were deposited at bathyal depths, except for the lowermost 5 m at Site
1115, which was deposited in a neritic environment (Robertson et al.,
2001) (Fig. F20). The lithic component of the sandstones that accumu-
lated during this time at Sites 1115 and 1109 is dominantly felsitic with
colorless vitric fragments. At Sites 1108 and 1118, the lithic component
of the sandstone varies from rich in felsitic and colorless vitric material
to rich in lathwork and microlitic grains. The sequences on Moresby
Seamount at Sites 1116 and 1114 were deposited in bathyal depths and
demonstrate similar changes in lithic detritus to those observed at Sites
1108 and 1118 during this period. At all sites except Site 1115, sand-
sized metamorphic and serpentinite detritus makes its first appearance
in the late Pliocene (~3 Ma) (Fig. F19).
The similarities in Pliocene turbidite sedimentation at Sites 1114 and
1116 on the southern margin and Site 1108 near the rift depocenter far-
ther north have been taken to suggest that the intervening Moresby
detachment fault was not then manifest as a major topographic feature
(Robertson et al., 2001). Geochemical and mineralogical studies of the
hemipelagic sediments (Robertson and Sharp, this volume) revealed
very high abundances of Cr and Ni (and also locally Cu and Zn) sporad-
ically throughout the Pliocene succession at all sites. This implies ser-
pentinized ultramafic rock detritus was able to reach all sites in the
basin as fine-grained sediment earlier than the abrupt influx in sand-
stone detritus after ~3 Ma. In addition, relatively high Al, K, Na, and
minor elements Rb, Zr, and Y within lower–middle Pliocene hemipe-
lagic sediments suggest terrigenous-derived sediments had access to the
rift basin through low-density turbidity until late Pliocene time (Rob-
ertson and Sharp, this volume). Therefore, it is interpreted that all of
the sites formed part of single turbiditic basin (or several subbasins) dur-
ing this time.
The influx of sand-sized serpentinite and metamorphic detritus in
the late Pliocene is thought to reflect a major change in the architecture
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VOLCANIC SANDS AND SANDSTONES 20of the Woodlark rift basin (Fig. F19). Prior to this time, fine-grained ter-
rigenous-sourced sediments (including detritus from ultramafic rocks)
derived from the Papua New Guinea mainland were able to reach the
present northern margin of the Woodlark rift, as it did not then exist as
a deep rift basin (Robertson and Sharp, this volume). However a dis-
crete pulse of rifting in the late Pliocene resulted in the deepening of
the Woodlark rift basin, and terrigenous input to the northern rift mar-
gin was cut off (Robertson and Sharp, this volume). The Paleogene
Papuan ophiolite belt and the Owen Stanley metamorphics were un-
roofed as the southern margin of the rift was exhumed (e.g., Moresby
Seamount) and, in places, subaerially exposed (e.g., D’Entrecasteaux
Islands and onshore Cape Vogel Basin), resulting in new more proximal
source of metamorphic, igneous, and ophiolitic detritus (Fig. F20).
The sources of the volcanic detritus in the early Pliocene (see above)
continued to supply material throughout the Pliocene (Fig. F20). In ad-
dition, vitric fragments present that appear at <2.5 Ma (Sites 1109 and
1115) are indicative of high-K calc-alkaline volcanic centers, possibly
located in the Dawson Strait (e.g., Dobu Seamount) and Moresby Strait,
(Lackschewitz et al., 2001; Robertson and Sharp, this volume) (Figs.
F19, F20). By this stage, the northern rift margin (Sites 1109 and 1115)
was largely isolated from terrigenous sediment input (Fig. F20).
Pleistocene
Sandstones during this time were deposited in bathyal depths as vol-
caniclastic turbidites and subordinate air-fall ash (Taylor, Huchon,
Klaus, et al., 1999) (Fig. F19). Growth of a carbonate platform on the
gently subsiding Trobriand Basin to the northwest (Tjhin, 1976) had
the effect of markedly reducing clastic input to the Woodlark Basin dur-
ing the Pleistocene at Sites 1108, 1109, and 1115 (Robertson et al.,
2001).
At Sites 1115 and 1109, colorless vitric volcanic fragments represent
the dominant lithic detritus, except for two limited time intervals at
Site 1109 where lathwork fragments are predominant (Fig. F19). Sedi-
ments of this age recovered from Sites 1108 and 1110–1112 are inter-
preted as talus deposits, in part (Taylor, Huchon, Klaus, et al., 1999).
Clasts recovered from Site 1108 included sandstone, greenschist, dark
pelitic schist, and variably altered and deformed dolerite/gabbro. Rare
clasts of acid-intermediate porphyry, quartz trachyte, lamprophyre, and
sandstone were recovered from Sites 1110–1113. A sandstone clast from
Site 1108 is of similar composition (metamorphic and volcanic detritus)
to middle Pliocene or younger sandstones of the Woodlark rift basin,
which suggests it was eroded from strata of that age within the basin.
The abundance of lathwork fragments and detrital clinopyroxene in
sandstone clasts from Site 1112 implies they were derived from Pliocene
sandstones present in the Woodlark rift basin.
The source of the talus is considered to be due to the continued
emergence of Moresby Seamount during the late Pliocene to Pleis-
tocene, as bounded by a major inclined fault scarp (Fig. F20). The talus
includes material derived from the Pliocene sedimentary cover of the
seamount. Serpentinite was eroded from the seamount as extensional
faulting unroofed deeper structural levels and continued unroofing ex-
posed schistose and gneissic rocks of presumably the Owen Stanley
metamorphics (Davies, 1980), which structurally underlie the Paleo-
gene ophiolitic rocks on a regional scale.
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sition to those of late Pliocene age (see above) and are therefore indica-
tive of high-K calc-alkaline volcanic centers possibly located in the
Dawson Strait (e.g., Dobu Seamount) and Moresby Strait, (Lackschewitz
et al., 2001; Robertson and Sharp, this volume) (Fig. F20). Other volca-
nic detritus of this age might have been sourced from Woodlark Island,
the eastern Papua Peninsula, and/or the D’Entrecasteaux Islands (Fig.
F20).
CONCLUSIONS
1. Sandstone detritus within the middle Miocene Trobriand forearc
basin was derived predominantly from pyroxene basalts and
from less-abundant silicic volcanics. Calc-alkaline volcanics re-
lated to the Trobriand Arc are thought to be the source for this
detritus. However calc-alkaline volcanoes located within the in-
ferred forearc (e.g., Woodlark Island) might also have provided a
source. The presence of silicic and alkalic volcanic debris in rocks
of this age further suggests that the contemporary Trobriand arc
had a complex volcanic history (Figs. F19, F20).
2. With the onset of rifting in the late Miocene, sandstone and con-
glomerate deposited in the Woodlark rift basin prograded gener-
ally northward. They progressively covered and were sourced
from the exposed Trobriand outerarc/forearc, which included
Paleogene ophiolitic rocks. Derivation from the hinterland of
Papua New Guinea, including the Paleogene Papuan ophiolite
belt is unlikely, as ophiolite rocks other than metadolerite are ab-
sent from the detritus of the sandstones (Figs. F19, F20).
3. Upper Miocene–Pleistocene sandstone deposited during con-
tinuing extension and subsidence of Woodlark Basin indicates a
change to more explosive silicic volcanism, although sporadic
basaltic/doleritic detritus in rocks of this age indicates mafic vol-
canics continued supplying the basin. Assuming sediment path-
ways were similar to today (from the northwest), the probable
source of ash and volcaniclastic turbidites were the Amphlett
Islands, Moresby Strait, Dawson Strait (e.g., Dobu Seamount),
and surrounding areas where Pliocene–Pleistocene volcanic
rocks occur. Additional sources of volcanics could be the
D’Entrecasteaux Islands, active Trobriand Arc volcanoes on the
northern rift margin (i.e., the Luscany Islands, Trobriand Island,
Woodlark Island, and Egum Atoll), the eastern Papua Peninsula,
and sediment reworked from the Cape Vogel Basin to the north-
west (Figs. F19, F20).
4. Complementary geochemical studies (Robertson and Sharp,
this volume) revealed sporadic absolute abundances of trace
metals Cr and Ni and, locally, Cu and Zn in Pliocene hemipe-
lagic sediments and relatively high Al, K, Na, and minor ele-
ments Rb, Zr, and Y within lower–middle Pliocene hemipelagic
sediments. These are interpreted to indicate that terrigenous and
ultramafic derived sediments had access through fine-grained
sediments to a single turbiditic Woodlark rift basin (or several
subbasins) until late Pliocene time (Robertson and Sharp, this
volume) (Figs. F19, F20).
5. The influx of sand-sized serpentinite and metamorphic detritus
in the late Pliocene (~3 Ma) is thought to reflect a major change
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rifting in the late Pliocene resulted in the deepening of the
Woodlark rift basin, and terrigenous input to the northern rift
margin was cut off. The Paleogene Papuan ophiolite belt and the
Owen Stanley metamorphics were unroofed as the southern
margin of the rift was exhumed (e.g., Moresby Seamount) and,
in places, subaerially exposed (e.g., D’Entrecasteaux Islands and
onshore Cape Vogel Basin), resulting in new and more proximal
source of metamorphic, igneous, and ophiolitic detritus. Con-
tinued emergence of the Moresby Seamount during the late
Pliocene–early Pleistocene bounded by a major inclined fault
scarp yielded talus deposits of similar composition to the above
sandstones (Figs. F19, F20).
6. Growth of a carbonate platform on the gently subsiding Trobri-
and Basin to the northwest (Tjhin, 1976) markedly reduces the
clastic input the Woodlark rift basin throughout the Pleistocene.
Silicic vitric fragments become the dominant type of detritus de-
posited at Sites 1109 and 1118 during this time. These glasses are
indicative of high-K calc-alkaline volcanic centers, possibly lo-
cated in the Dawson Strait, Moresby Strait, or Dobu Seamount
area (Lackschewitz et al., 2001; Robertson and Sharp, this vol-
ume) (Figs. F19, F20).
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SolomonIs. F1. Regional tectonic setting of the Woodlark Basin adjacent to the Papuan Peni
, N-1 = Nubiam-1 well, CV = Cape Vogel Basin (onshore), E = Egum Island, F = Fer
oresby Seamount, N = Normanby Island, Tr = Trobriand Island, W = Woodlark I
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T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 26Figure F2. Locations of sites drilled during Leg 180 (modified from Leg 180 Initial Reports, Taylor, Huchon,
Klaus, et al., 1999).
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T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 27Figure F3. Line diagrams showing interpretations of north-south seismic profiles along which the Leg 180
sites were drilled. A. Westerly profile. B. Easterly profile. See Figure F2, p. 26, for locations (from Robertson

























































T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 28Figure F4. Age-depth chart for the Leg 180 sites, including a summary of inferred sedimentation rates and
depths (below) complied by Leg 180 shipboard biostratigraphers and magnetostratigraphers (modified after
Taylor, Huchon, Klaus, et al., 1999). Sedimentation curves: solid line = Site 1115, dashed line = Site 1109,
dotted line = Site 1118, solid line (upper right) = Site 1108, dashed line (upper right) = Site 1114, dotted line
(upper right) = Site 1116. Squares = nannofossil datum events, circles = planktonic foraminifer datum
events, triangles = magnetic chron and subchron boundaries, star = lithostratigraphic correlation, shaded
to differentiate sites. Symbols with arrows = actual datum point can be above or below and older or younger
than indicated by the symbols, wavy lines = unconformities. Shown below are average sedimentation rates
in meters per million years, calculated for intervals separated by vertical lines, and palaeobathymetry, based















































































































T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 29Figure F5. Summary of the sedimentary succession drilled on northern margin sites of the Woodlark rift


















































































































































Figure trital cbnte = carbonate skeletal (e.g.,
foram arb = carbonaceous fragments (plant
debris ains, Lm = total metamorphic lithic
grains rains with felsitic texture, Lvv clgl =
colorle ins with lathwork texture, Lvm hyal



























































Lvm hyal clgl F6. Downhole variation diagrams for Site 1115 (see Table T1, p. 46, for further information). Total de
inifers, shell fragments, red algae, bryozoans, etc.) + carbonate aggre (detital carbonate aggregates), C
), Q = total quartzose grains, F = total feldspar grains, M = matrix, C = cement, Lv = total volcanic gr
, Biot = biotite, Musc = muscovite, Cpyx = clinopyroxene, Hnbld = hornblende, Lvf = volcanic lithic g
ss vitric volcanic lithic grains, Lvv brgl = brown vitric volcanic lithic grains, Lvl = volcanic lithic gra
volcanic lithic grains with microlites set in a glassy brown groundmass, Lvm hyal clgl = volcanic lithic
 groundmass, Lvm pilo = volcanic lithic grains with interwoven microlites. 
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Figure trital cbnte = carbonate skeletal (e.g.,
foram arb = carbonaceous fragments (plant
debris ains, Lm = total metamorphic lithic
grains rains with felsitic texture, Lvv clgl =
colorle ins with lathwork texture, Lvm hyal





















































Lvm hyal clgl F7. Downhole variation diagrams for Site 1109 (see Table T1, p. 46, for further information). Total de
inifers, shell fragments, red algae, bryozoans, etc.) + carbonate aggre (detital carbonate aggregates), C
), Q = total quartzose grains, F = total feldspar grains, M = matrix, C = cement, Lv = total volcanic gr
, Biot = biotite, Musc = muscovite, Cpyx = clinopyroxene, Hnbld = hornblende, Lvf = volcanic lithic g
ss vitric volcanic lithic grains, Lvv brgl = brown vitric volcanic lithic grains, Lvl = volcanic lithic gra
volcanic lithic grains with microlites set in a glassy brown groundmass, Lvm hyal clgl = volcanic lithic
 groundmass, Lvm pilo = volcanic lithic grains with interwoven microlites.





















Siliclastic and volcaniclastic 
framework grains:



































































Figure etrital cbnte = carbonate skeletal (e.g.,
foram arb = carbonaceous fragments (plant
debris , Lm = total metamorphic lithic grains,
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Lvm hyal clgl F8. Downhole variation diagrams for Site 1118 (see Table T1, p. 46, for further information). Total d
inifers, shell fragments, red algae, bryozoans, etc.) + carbonate aggre (detital carbonate aggregates), C
), Q = total quartzose grains, F= total feldspar grains, M = matrix, C = cement, Lv = total volcanic grains
 biotite, Musc = muscovite, Cpyx = clinopyroxene, Hnbld = hornblende, Lvf = volcanic lithic grains w
volcanic lithic grains, Lvv brgl = brown vitric volcanic lithic grains, Lvl = volcanic lithic grains with l
lithic grains with microlites set in a glassy brown groundmass, Lvm hyal clgl = volcanic lithic grains
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Figure trital cbnte = carbonate skeletal (e.g.,
foram arb = carbonaceous fragments (plant
debris rains, Lm = total metamorphic lithic
grains grains with felsitic texture, Lvv clgl =
colorle ins with lathwork texture, Lvm hyal







































Lvm hyal clgl F9. Downhole variation diagrams for Site 1108 (see Table T1, p. 46, for further information). Total de
inifers, shell fragments, red algae, bryozoans, etc.) + carbonate aggre (detital carbonate aggregates), C
), Q = total quartzose grains, F = total feldspar grains, M = matrix, C = cement, Lv = total volcanic g
, Biot = biotite, Musc = muscovite, Cpyx = clinopyroxene, Hnbld = hornblende, Lvf = volcanic lithic 
ss vitric volcanic lithic grains, Lvv brgl = brown vitric volcanic lithic grains, Lvl = volcanic lithic gra
volcanic lithic grains with microlites set in a glassy brown groundmass, Lvm hyal clgl = volcanic lithic
 groundmass, Lvm pilo = volcanic lithic grains with interwoven microlites.
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Age F10. Comparison of downhole variation diagrams of the ratios of siliciclastic and volcaniclastic framewor
eous detritus: cement: matrix, for all the northern sites (see Table T1, p. 46, for further information). Total d
oraminifers, shell fragments, red algae, bryozoans, etc.) + carbonate aggre (detital carbonate aggregates),
 debris), M = matrix, C = cement.
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Age F11. Comparison of downhole variation of the ratios of siliciclastic and volcaniclastic grains for all the n
ther information). Q = total quartzose grains, F = total feldspar grains, Lv = total volcanic grains, Lm = tota
ite, Musc = muscovite, Cpyx = clinopyroxene, Hnbld = hornblende, Other = actinolite, epidote, sphene,
yrite, magnetite, and chromite), limonite, prehnite, and pumpellyite.
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Age F12. Comparison of downhole variation of the ratios of biotite:muscovite:clinopyroxene:amphibo
46, for further information). Biot = biotite, Musc = muscovite, Cpyx = clinopyroxene, Hnbld = hornb
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Age F13. Comparison of downhole variation of the ratios of volcanic rock fragments for all the northern si
ation). Lvf = volcanic lithic grains with felsitic texture, Lvv clgl = colorless vitric volcanic lithic grains, Lv
, Lvl= volcanic lithic grains with lathwork texture, Lvm hyal brgl = volcanic lithic grains with microlites
yal clgl = volcanic lithic grains with microlites set in a glassy brown groundmass, Lvml pilo = volcanic l
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T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 38Figure F14. Summary of the sedimentary succession drilled on the Moresby Seamount sites. See Figure F2,

























































































Figure rmation). Total detrital cbnte = car-
bonat te aggregates), Carb = carbonaceous
fragm al volcanic grains, Lm = total meta-
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Lvm hyal clgl F15. Downhole variation diagrams for Site 1114 (see Table T1, p. 46, for abbreviations and further info
e skeletal (e.g., foraminifers, shell fragments, red algae, bryozoans, etc.) + carbonate aggre (detital carbona
ents (plant debris), Q = total quartzose grains, F = total feldspar grains, M = matrix, C = cement, Lv = tot
ic lithic grains, Biot = biotite, Musc = muscovite, Cpyx = clinopyroxene, Hnbld = hornblende, Lvf = vo
vv clgl = colorless vitric volcanic lithic grains, Lvv brgl = brown vitric volcanic lithic grains, Lvl = volcanic
yal brgl = volcanic lithic grains with microlites set in a glassy brown groundmass, Lvm hyal clgl = volca
assy brown groundmass, Lvm pilo = volcanic lithic grains with interwoven microlites.
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Lvm hyal clgl F16. Downhole variation diagrams for Site 1116 (see Table T1, p. 46, for abbreviations and further in
e skeletal (e.g., foraminifers, shell fragments, red algae, bryozoans, etc.) + carbonate aggre (detital carbo
ents (plant debris), Q = total quartzose grains, F = total feldspar grains, M = matrix, C = cement, Lv = t
ic lithic grains, Biot = biotite, Musc = muscovite, Cpyx = clinopyroxene, Hnbld = hornblende, Lvf = 
vv clgl = colorless vitric volcanic lithic grains, Lvv brgl = brown vitric volcanic lithic grains, Lvl = volcan
yal brgl = volcanic lithic grains with microlites set in a glassy brown groundmass, Lvm hyal clgl = vo
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T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 41Figure F17. Comparison of downhole variation diagrams for the Moresby Seamount sites (see Table T1,
p. 46, for further information). Total detrital cbnte = carbonate skeletal (e.g., foraminifers, shell fragments,
red algae, bryozoans, etc.) + carbonate aggre (detital carbonate aggregates), Carb = carbonaceous fragments
(plant debris), Q = total quartzose grains, F = total feldspar grains, M = matrix, C = cement, Lv = total vol-
canic grains, Lm = total metamorphic lithic grains, Biot = biotite, Musc = muscovite, Cpyx = clinopyroxene,
Hnbld = hornblende, Lvf = volcanic lithic grains with felsitic texture, Lvv clgl = colorless vitric volcanic
lithic grains, Lvv brgl = brown vitric volcanic lithic grains, Lvl = volcanic lithic grains with lathwork texture,
Lvm hyal brgl = volcanic lithic grains with microlites set in a glassy brown groundmass, Lvm hyal clgl =
volcanic lithic grains with microlites set in a glassy brown groundmass, Lvm pilo = volcanic lithic grains
















































































































Age F17 (continued). (Caption shown on previous page.)
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T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 43Figure F18. QFL plots of Leg 180 sandstones and sands at different stages in the tectonic evolution of the
Woodlark Basin. See “Discussion,” p. 17, for further information. Provenance fields are from Dickinson et
al. (1983). CI = craton interior, TC = transitional continental, BU = basement uplift, RO = recycled orogen,
DA = dissected arc, TA = transitional arc, UA= undissected arc.
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Rb F19. Major changes in provenance and tectonic setting for the Woodlark Basin. See “Discussion,” p. 17, f
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T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 46Table T1. Abbreviations used for all sands and sandstones point
counted, Leg 180.
Counted and recalculated parameters
Q = total quartzose grains
Qp = polycrystalline quartz
Qm = monocyrstalline quartz
F = total feldspar grains
P = plagioclase feldspar
Feld ? = undifferentiated feldspar















L = total lithic grains
Lv = total volcanic lithic grains
Lvl = volcanic lithic grains with lathwork texture
Lvv = vitric volcanic lithic grains
Lvv clgl = colorless vitric grains
Lvv brgl = brown vitric grains
Lvm = volcanic lithic grains with microlitic texture
Lvm hyal clgl = microlitic grains with a hyalopilitic groundmass of colorless glass
Lvm hyal brgl = microlitic grains with a hyalopilitic groundmass of brown glass 
Lvm pilo = microlitic grains with a pilotaxitic (holocrystalline) groundmass of interwoven microlites
Lvf = volcanic lithic grains with felsitic texture
Lm = total metamorphic lithic grains
Lm schist = quartz, feldspar, mica schist grains 
Lm serp = serpentinite grains
M = matrix (grains <30 µm)
C = cement
Total detrital cbnte = cbnte skeletal + cbnte aggre
Cbnte skeletal = skeletal grains (e.g., foraminfers, shell fragments, coralline algae, bryozoans, etc.)
Cbnte aggre = detrital carbonate aggregates
Carb = carbonaceous fragments (plant debris)
Total points = total points counted
T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 47Table T2. Raw point-count data for all sands and sandstones point counted, Leg 180. (This table is available
in an oversized format.)
T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 48Table T3. Recalculated point-count parameter data for all sands and sandstones point counted, Leg 180.
(This table is available in an oversized format.)
T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 49Plate P1. Photomicrographs illustrating sands and sandstones of the Woodlark rift. 1. Poorly sorted felds-
pathic sandstone with common detrital hornblende and biotite grains (Sample 180-1108B-30R-3, 44–46 cm
[276.39 mbsf]) (cross-polarized light). 2. Poorly sorted calcite cemented lithic sandstone with subrounded
to subangular lathwork, microlitic and felsitic volcanic lithic fragments and detrital feldspar grains (Sample
180-1108A-3R-CC, 0–4 cm [14.50 mbsf]) (cross-polarized light). 3. Well-sorted feldspathic sandstone with
common detrital hornblende and biotite grains (Sample 180-1118A-44R-1, 129–130 cm [623.45 mbsf])
(cross-polarized light). 4. A poorly sorted lithic sandstone containing angular to subrounded microlitic,
lathwork, and felsitic volcanic lithic fragments, grains of plagioclase, biotite, clinopyroxene, hornblende,
and foraminifer tests (Sample 180-1108B-23R-3, 34–36 cm [369.55 mbsf]) (cross-polarized light). 5. A me-
dium-grained feldspathic sand containing fresh angular detrital grains of plagioclase (commonly zoned),
biotite, hornblende, and foraminifer tests (Sample 180-1115C-10R-1, 5–7 cm [369.55 mbsf]) (cross-polar-
ized light). 6. Feldspathic sandstone with abundant detrital grains of feldspar, colorless vitric volcanic lithic
fragments, biotite, and hornblende in a glass-rich matrix (Sample 180-1109D-3R-2, 148–149 cm [371.68
mbsf]) (plane-polarized light). (Plate shown on next page.)
T. SHARP AND A. ROBERTSON





1 mm 1 mm
1 mm
1 mm 1 mm
T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 51Plate P2. Photomicrographs illustrating mineral grains present within the sands and sandstones of Wood-
lark rift. 1. Limonite/goethite concretion surrounded by chloritized volcanic fragments, detrital feldspar,
and clinopyroxene grains. (Sample 180-1109D 44R-1, 6–8 cm [753 mbsf]) (plane-polarized light). 2. Detrital
biotite grain with authigenic calcite growths along cleavage planes surrounded by detrital grains of feldspar
and colorless vitric, brown vitric, and felsitic volcanic lithic fragments. This was interpreted by previous
workers as a calc-schist fragment (Sample 180-1116A-11R-1, 16–19 cm [81.96 mbsf]) (plane-polarized light).
3. Detrital grain of glomeroporhyritic clinopyroxene within a calcite-cemented lithic sandstone. Detrital
plagioclase and foraminifer are also present (Sample 180-1118A-66R3, 31–34 cm [833.05 mbsf]) (cross-po-
larized light). 4. A discrete zoned plagioclase grain surrounded by detrital grains of feldspar, biotite, am-
phibole, and felsitic volcanic lithic fragments within a calcite-cemented lithic sandstone (Sample 180-
1118A-68R3, 36–39 cm [852.42 mbsf]) (cross-polarized light). 5. Hornblende and feldspar phyric colorless
vitric volcanic lithic fragment displaying an internal trachytic texture (Sample 180-1115C-12R-4, 144–148
cm [394.34 mbsf]) (plane-polarized light). 6. Chalcedony filled vug with calcite rim within a felsitic volca-
nic lithic fragment (Sample 180-1115C-30R-CC, 16–19 cm [566.89 mbsf]) (cross-polarized light). (Plate
shown on next page.)
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T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 53Plate P3. Photomicrographs illustrating metamorphic and serpentinite lithic fragments and mineral grains
present within the sands and sandstones of Woodlark rift. 1. Remnant angular colorless olivine grains with-
in a detrital serpentinite grain. Surrounding detrital grains include olivine, feldspar, and colorless and
brown vitric volcanic lithic fragments (Sample 180-1108B-24X-CC, 18–20 cm [217.8 mbsf]) (plane-polar-
ized light). 2. A detrital serpentinite grain surrounded by detrital grains of feldspar, biotite, and a fragment
of feldspar, quartz, biotite schist. (Sample 180-1108B-36R-3, 52–56 cm [333.94 mbsf]) (cross-polarized
light). 3. Metamorphosed volcanic fragments with veins of epidote and chlorite in a feldspathic ground-
mass. Surrounding detrital grains include feldspar, biotite, prehnite, and magnetite. (Sample 180-1116A-
6R-1, 9–11 cm [42.49 mbsf]) (cross-polarized light). 4. A feldspar, quartz, biotite schist fragment surrounded
by detrital grains of amphibole, clinopyroxene, feldspar, and biotite. Brown vitric and microlitic volcanic
lithic fragments are also present (Sample 180-1115C-44R-2, 112–113 cm [698.70 mbsf]) (cross-polarized
light). 5. A feldspar, quartz, biotite schist fragment with a remnant feldspar phenocryst. Surrounding de-
trital grains include amphibole, clinopyroxene, feldspar, and biotite. Microlitic, brown vitric, and colorless
vitric volcanic lithic fragments are also present. (Sample 180-1108B-34R-2, 126–128 cm [314.60 mbsf])
(cross-polarized light). 6. Detrital actinolite grain (center) and muscovite lath (center left). Surrounding de-
trital grains include amphibole, clinopyroxene, feldspar, and biotite. Felsitic, brown vitric, colorless vitric,
and microlitic volcanic lithic fragments are also present (Sample 180-1108B-34R-2, 126–128 cm [314.60
mbsf]) (cross-polarized light). (Plate shown on next page.)
T. SHARP AND A. ROBERTSON






1 mm 1 mm
1 mm5 6
T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 55Plate P4. Photomicrographs illustrating volcanic and plutonic lithic fragments within the sands and sand-
stones of Woodlark rift. 1. A lathwork volcanic lithic fragment with intersertal glass and intergranular cli-
nopyroxene within a calcite-cemented coarse-grained lithic sandstone (Sample 180-1108 3R-CC, 0–4 cm
[14.50 mbsf]) (cross-polarized light). 2. Lathwork volcanic lithic fragment with intersertal chlorite and mag-
netite in a matrix of smectite and chlorite. Surrounding detrital grains include magnetite, felsitic, and par-
tially devitrified colorless vitric volcanic lithic fragments (Sample 180-1118A-71R-1, 13–15 cm [878.53 mb-
sf]) (cross-polarized light). 3. Lathwork volcanic lithic fragment with intersertal glass surrounded by detrital
grains of feldspar, clinopyroxene, and colorless vitric volcanic lithic fragments (Sample 180-1108B-23R-3,
34–36 cm [210.15 mbsf]) (plane-polarized light). 4. Typical lathwork volcanic texture with intergranular
clinopyroxene within a dolerite clast from a conglomerate (Sample 180-1109-45R-1, 107–110 cm [764.27
mbsf]) (cross-polarized light). 5. Feldspar and biotite phyric felsitic volcanic lithic fragment surrounded by
other felsitic volcanic lithic fragments, brown vitric, and lathwork volcanic lithic fragments, and detrital
feldspar set in a calcite-cemented coarse-grained lithic sandstone (Sample 180-1116A-1R-1, 58–60 cm [0.58
mbsf]) (cross-polarized light). 6. Detrital grain composed of intergrown feldspar, biotite, and hornblende
(granitic fragment) surrounded by lathwork and microlitic volcanic lithic and feldspar detrital grains in cal-
cite-cemented coarse-grained lithic sandstone (Sample 180-1108B-3R-CC, 0–4 cm [14.50 mbsf]) (cross-po-
larized light). (Plate shown on next page.)
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T. SHARP AND A. ROBERTSON
VOLCANIC SANDS AND SANDSTONES 57Plate P5. Photomicrographs illustrating volcanic lithic fragments present within the sands and sandstones
of Woodlark rift. 1. Colorless vitric volcanic lithic fragments (in places chloritized) and a slightly deformed
detrital biotite grain. Authigenic pyrite grains are also present (Sample 180-1118A-68R-3, 102–105 cm
[853.08 mbsf]) (plane-polarized light). 2. Brown vitric volcanic lithic fragment with vesicles and rare pla-
gioclase laths, surrounded by colorless vitric, brown vitric and lathwork volcanic lithic fragments and de-
trital feldspar grains (Sample 180-1114A-14R-1, 106–108 cm [123.46 mbsf]) (plane-polarized light). 3. Pla-
gioclase, hornblende, and biotite phyric brown vitric volcanic lithic fragment surrounded by lathwork, fel-
sitic, and vitric volcanic lithic fragments, and detrital feldspar grains set in a calcite-cemented coarse-
grained lithic sandstone (Sample 180-1108-3R-CC, 0–4 cm [14.5 mbsf]) (plane-polarized light). 4. Clinopy-
roxene and feldspar phyric pilotaxitic microlitic volcanic lithic fragment displaying a trachytic texture. Sur-
rounding detrital grains include brown vitric, colorless vitric, and lathwork volcanic lithic fragments, feld-
spar, and clinopyroxene (Sample 180-1108A-28R-CC, 3–7 cm [256.93 mbsf]) (plane-polarized light). 5. Pi-
lotaxitic microlitic volcanic lithic fragment with trachytic texture. Surrounding detrital grains include
feldspar, clinopyroxene, amphibole, biotite, brown vitric volcanic fragments, and foraminifers (Sample
180-1108A-34R-2, 126–128 cm [314.60 mbsf]) (cross-polarized light). 6. Clinopyroxene and feldspar phyric
brown hyalopilitic volcanic lithic fragment surrounded by feldspar, clinopyroxene, brown vitric, lathwork,
and microlitic volcanic lithic fragments (Sample 180-1112A-9R-CC, 25–27 [78.15 mbsf]) (plane-polarized
light). (Plate shown on next page.)
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